Background-Reduced expression of prostate-derived Ets transcription factor (PDEF) leads to morphologic change as well as increased migration and invasiveness of prostate cancer cells. However, the clinical relevance of PDEF expression and its relationship to anti-apoptotic protein survivin is yet to be determined.
Introduction
Expression of prostate-derived Ets transcription factor (PDEF) was identified originally in normal epithelial cells of prostate tissues [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . PDEF has a critical role in human cancers of breast, ovary, colon, and prostate [1-2-3] . However, the precise role of PDEF in cancer progression remains controversial. Recent reports demonstrated that reduced expression of PDEF caused increased cell motility, invasion, and adhesion of prostate cancer cells [4] . PDEF is expressed in normal epithelial cells, while it is lost or reduced in invasive tumors of breast [6-7-8] ovary [9] and prostate [5] . One study showed that PDEF was expressed in normal prostate tissues and had a higher expression in 27% of benign prostate tumors and 40% of prostate cancers [10] . However, in prostate cancer tissues, the significance and clinical relevance of PDEF expression and its correlation with expression of the antiapoptotic protein survivin have not been elucidated. In the present study, RT-PCR, Western blot and/or immunohistochemistry (IHC) analyses were used to evaluate expression of PDEF and survivin in prostate cancer cell and clinical samples. Long-term survival of 73 prostate cancer patients was assessed to determine whether expression of PDEF is associated with good prognosis. Furthermore, it has been reported that re-expression of PDEF in PC-3 tumor cells results in phenotypic reversal and decreased migration in three dimensional cultures [5] . In this study we determined the impact of re-expression of PDEF on survivin expression in PDEF-negative prostate tumor cell (PC-3). Finally, clinical application of methylseleninic acid (MSeA), a selenium compounds used as a chemopreventive of prostate cancers, was evaluated using prostate cancer cell lines to determine whether MSeA could induces apoptosis in tumors through up-regulation of PDEF and down-regulation of survivin expression.
In this study, we showed for the first time that up-regulation of PDEF and down-regulation of survivin were associated prolonged survival of patients with prostate cancer.
Materials and methods

Cell lines, tumor lesions and reagents
Human prostate cancer cell lines PC-3 and DU145 were grown in DMEM medium and LNCaP was grown in RPMI 1640 supplemented with 10% fetal bovine serum (FBS), 100 U/ ml penicillin and 0.1 μg/ml streptomycin in a 5% CO 2 incubator. Frozen and formalin-fixed, paraffin-embedded benign prostate tissues without prostate cancer/or normal prostate (n=10) and prostate cancers (n=30) were obtained from the Tissue Procurement Facility of Roswell Park Cancer Institute (RPCI) through an IRB approved protocol. Based on Gleason scores (GS), the invasive prostate cancers were categorized as low (GS 2-5), intermediate (GS 6) and High (GS 7-10) [11] [12] . The tumor samples were not histologically/pathologically examined prior to RNA and protein preparation. To better understand the role of PDEF in tumor progression, we also performed a tissue microarray (TMA) containing 50 benign single spots (1.0 mm in diameter) of 50 patients and 73 single spots of prostate tumors (GS 6, n: 46; GS 7, n: 7; GS 8, n: 6; GS 10, n: 3) obtained, through the Department of Pathology, from 73 prostate cancer patients. These patients were treated at the RPCI between 1993 and 2001. Rabbit anti-human PDEF antibody was prepared in our lab [6] and used at 1:500 concentrations. Survivin antibody (FL-142) was purchased from Santa Cruz (Santa Cruz, CA, USA). Actin antibody and HRPO-conjugated goat anti rabbit antibodies were purchased from Sigma (Sigma-Aldrich St. Louis, MO, USA). MSeA was purchased from Wako Chemical USA, Inc.(Richmond, VA, USA).
Western blot analysis
Prostate cancer cell lines, 10 benign prostate samples from men without prostate cancer, frozen tumor sections from 30 recently diagnosed prostate carcinoma and their corresponding adjacent benign prostate were lysed in a lysis buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl, 2mM EDTA, 0.1% SDS, 1% NP40) containing 1% protease and phosphatase inhibitors (Sigma-Aldrich, St, Louis, MO). Samples were homogenized using a PowerGen 125 homogenizer with a 7 mm × 95 mm ST generator (Fisher) and then kept at 4°C for 30 min. Cell extracts were cleared by centrifugation at 12000 g for 30 min at 4°C and protein concentration was determined using a BCA kit (Pierce). Fifty μg total proteins from each sample were heated at 95°C for 5 min after mixing with equal volume of 2x SDS loading buffer. Samples were separated on 12% SDS-polyacrylamide gel electrophoresis (SDS-PAGE) gels and electro transferred to Immobilon-P membranes (Millipore, Bedford, MA, USA). The membrane was blocked in TBS-T buffer (20 mM Tris/HCl (pH 7.5), 0.137 M NaCl, and 0.05% Tween-20) contain 5% skim milk at room temperature for 2-3 hrs. The membranes were incubated with PDEF or survivin antibodies diluted (1:500) in TBS-T overnight at 4°C. After washing with TBS-T, the membrane was incubated in 5% skim milk in TBS-T buffer containing a secondary antibody (1:5000), for 45-60 min at room temperature with shaking. Proteins of interest were detected using a HRPL kit (National Diagnostics/LPS, Rochester, NY) or a Chemo-luminescent Reagent Plus kit (Perkin Elmer) and visualized by autoradiography after various exposure times (usually 20-120 seconds). For normalization of protein loading, the same membranes were stripped with stripping buffer (100 mM 2-mercaptoethanol, 2% sodium dodecyl sulphate, 62.5 mM Tris-HCl pH 6.7) and incubated with a monoclonal antibody against actin at 1: 1000 using the same procedure [6] .
Immunohistochemistry (IHC)
Immunohistochemical analyses were performed on formalin-fixed paraffin-embedded sections of 30 recently diagnosed prostate carcinoma, their corresponding adjacent benign tissues, 10 benign prostate tissues from men without prostate cancer and sections from the TMA. Sections were de-waxed, re-hydrated, and endogenous peroxidase activity was blocked using 3% H 2 O 2 for 10 min. Slides were microwaved in citrate buffer antigen retrieval solution(Vector Laboratories) and washed with PBS for 5 min. Slides were then blocked with 10% normal goat serum in PBS for 30 min and incubated overnight in the presence of anti-PDEF antibody (1:500). The slides were washed 3 times using PBS, incubated with biotinylated goat anti-rabbit antibody (1:100) for 30 min. The IHC staining was performed using avidin-biotin complex (ABC) method (ABC Kit, Vector Laboratories, Burlingame, CA). A positive reaction was detected using 3, diaminobezidine (DAB) (Vector Laboratories). Slides were counterstained with light green and evaluated semi-quantitatively based on the intensity and percentage of staining. The cells with nuclear PDEF staining were classified as strong (3+), moderate (2+), weak (1+) or negative (−) as compared with that of benign prostate tissue present in the same slide. The percentage of staining was divided into 3 categories: >10% positive cells, <10% positive cells and 0% positive cells. Finally, the cases were considered negative if there was no staining or <10% staining. On the other hand, cases were considered positive when >10% tumor cells stained positive. No staining was observed using isotype control IgG indicating stain specificity.
Isolation of RNA and RT-PCR analysis of PDEF expression
Total RNA was isolated from prostate cancer cell lines or frozen divided sections using Tri Reagent ™ (MRC Inc., Cincinnati, OH), as previously described [6] [7] [8] [9] [10] [11] [12] [13] . The quality of RNA was checked by electrophoresis on 1% agarose gel. Samples showing intact 28S and 18S rRNA bands were used for analysis. The mRNA expression of PDEF, survivin and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was determined using a one-step RT-PCR kit (Qiagen), as previously described [6] . The following primers were used: 5′-ATG GGC AGC GCC AGC CCG GGT C-3′ (forward) and 5′-TCA GAT GGG GTG CAC GAA CTG GT-3′ (reverse) for PDEF (1008 bp); 5′-GAG GCT GGC TTC ATC CAC TG-3′ (forward) and 5′-CAG CTG CTC GAT GGC ACG GC-3′ (reverse) for survivin (299 bp); and 5′-GCT TCC CGT TCT CAG CCT TGA C-3′ (forward) and 5′-ATG GGA AGG TGA AGG TCG GAG-3′ (reverse) for GAPDH (195 bp). PCR products were separated on a 1.8% agarose gel containing 0.01% ethidium bromide.
Re-expression of PDEF in tumor cells
To examine the PDEF-mediated growth suppression, prostate cancer cells (PC-3) were seeded (3 × 10 5 ) in 6-well plates in 2 ml of DMEM medium without antibiotic one day prior to transfection. The cells were transfected with pcDNA3.1 PDEF vector constructed previously [6] or mock control pcDNA3.1 with different concentration (2 μg and 4 μg) using Lipofectamine 2000 Plus (Invitrogen) as previously described [6] [7] [8] [9] . The level of PDEF and survivin expression was evaluated using one-step PCR and Western blot assay as described earlier.
MTT proliferation assay
Anchorage-dependent cell growth or proliferation was monitored using MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) assay, as previously described [6] [7] [8] [9] .
Induction of apoptosis
DNA fragmentation assay was performed using a cell death detection ELISA assay kit (Roche, Indianapolis, IN). Equal numbers of PC-3 cells (3×10 4 ) were seeded in a 48-well plate and transfected with Lipofectamin 2000 Plus (Invitrogen) as previously described [6] [7] [8] [9] .
Co-transfection of survivin promoter and Luciferase Reporter Assay constructs
In order to determine whether re-expression of PDEF represses promoter activity of survivin, PC-3 were seeded (5 × 10 4 cells per well) in 24-well plates and were co-transfected with survivin promoter luciferase construct (pLuce-6270) [6] [7] [8] [9] , pRL-TK (TK promoterRenilla luciferase construct as internal control) along with the PDEF expression vector pcDNA3.1-PDEF or control vector pcDNA3.1 using Lipofectamin ™ 2000 Plus (Invitrogen) as previously described [6] [7] [8] [9] .
Treatment of PC-3 with methylseleninic acid (MSeA) and cell death/DNA fragmentation assay
Prostate cancer cell line (PC-3) was seeded at a density of 2×10 5 cells/60-mm dish. Cells were allowed to attach to the plate overnight and then treated with two concentrations (1 μM or 4 μM) of MSeA, as previously described [14] . Cell growth/death was determined using MTT assay and trypan blue exclusion [6-9-27] . Cells were lysed, and the expression of PDEF and survivin were evaluated using western blots [6] [7] [8] [9] . In order to evaluate the induction of apoptosis by MSeA, prostate cancer cells were seeded (3×10 4 ) in a 48-well plate and treated with MSeA. Untreated cells were considered as negative control. The treated and untreated cells were lysed with 200 μl of lysis buffer/well (supplied in the cell death ELISA assay kit, Roche) for 30 min at room temperature, centrifuged and then 20 μl of supernatants were dispensed into streptavidin-coated 96-well microtiter plates in duplicate. The DNA-histon-complex was used for positive control. The reaction was followed by adding 80 μl of immuno-reagents. The immuno-reagent consisted of a mixture of anti-histone biotin and anti-DNA-HRP directed against histones H1, H2A, H2B, H3 and H4 and antibodies to nucleosome single-stranded and double-stranded DNA. The plate incubated at room temperature for 2 hrs while shaking gently. The unbound components were removed by washing 3 times with 250 μl incubation buffer. One hundred μl HRP substrate (2, 2′-azino-di-(3-ethylbenzthiazoline sulfonate) diammonium salt, ABTS) were added to each well and plates were placed on a shaker at 250 rpm for color development. Measurements were made at 405 nm against an ABTS solution as blank (reference wavelength 490 nm) using an Ultra Microplate reader (Bio-Tek Instruments).
Clinical characteristics
The records of 73 patients with prostate cancer who underwent radical prostatectomy at RPCI between 1993 and 2001 were reviewed. All pathology specimens were reviewed independently by three trained pathologists and tumors were classified according to the TNM criteria [24] . Study outcomes included overall and disease-specific survival and time to biochemical and clinical progression, each measured from the time of surgery.
Statistical analysis
A "t-test" was used to evaluate differences between samples, and significance was achieved if P value was 0.05 or less. Survival distributions were estimated using the Kaplan-Meier method [15] [16] and the log-rank test was used to test for differences in survival between patients with PDEF-positive versus PDEF-negative tumors. An exact test based on the Spearman correlation was used to test for association between PDEF and Gleason score. Summarization of categorical variables (Disease status, Glyson grade, etc.) was done through computation of frequencies and relative frequencies. All analyses were done using SAS (version 9.1).
Results
Expression of PDEF mRNA and protein are inversely associated with surviving expression and cell malignancy Evaluation of 30 recently diagnosed prostate cancers with different grades and 10 normal prostate tissues revealed that highest levels of PDEF mRNA and protein were detected in normal prostate tissues (Fig. 1A-B, Fig. 2A ) which were consistent with previous reports [10-13-17-18] . Low and moderate GS cancers showed down-regulation of PDEF mRNA and protein expression (Fig. 1A-B, Fig. 2B-C) , but high GS cancers showed total loss of PDEF expression (Fig. 1A-B, Fig. 2D ). In contrast, expression of survivin was very low or undetectable in normal prostate tissues. However, survivin expression was markedly increased in all tumors with the highest level of expression in high GS in comparison to moderate GS or low GS tumors (Fig. 1A-B) . IHC of the TMA section produced similar results showing the highest PDEF expression in benign prostates, PDEF down-regulation in low GS or moderate GS and complete loss in high GS (Fig. 3) .
Intensity and percent of PDEF expression was reduced during the transition from low grade to high grade prostate cancer PDEF expression was evaluated by immunohistochemical examination in TMA slides containing 73 cores of prostate cancer and 50 cores of benign prostate tissue. As shown in Table 1 , all of the benign prostate tissue expressed strong (3+) 60% and moderate (2+) 40% PDEF, respectively. In contrast, PDEF expression was completely lost in 22 % of tumors with GS6, 33% tumors with GS 7, 33% tumors with GS 8 and 67% tumors with GS 10. The rest of prostate tumors expressed variable levels of PDEF (mostly weak or moderate) as compared to benign prostate tissue on in the same slide. Only 7 % of tumors GS 6 and 6% of tumor GS 7 strongly expressed PDEF. Quantification of immuno-staining intensity (Table 1) and correlation with the pathological characteristics confirmed a significant inverse correlation between PDEF expression and Gleason scores (p <0.001).
To test whether prostate cancer cell lines may show similar patterns, PDEF and survivin expression were assessed in LNCaP, PC-3 and DU145 [21] . Breast cancer cell line (MCF-7) was used as a positive control for the expression of PDEF [6] [7] [8] . Similar levels of PDEF or survivin mRNA and proteins were detected in MCF-7 and LNCaP cell lines (Fig. 1C-D) . PC-3 and DU145 showed down-regulation or loss of PDEF expression and up-regulation of survivin (Fig. 1C-D) . These observations support the previous report [5-17-18 ] that PDEF expression is inversely correlated with GS. Low GS prostate tumors expressed higher levels of PDEF protein and lower levels of survivin in comparison to high GS tumors. In addition, PDEF expression was high in the non-invasive prostate cell line, while the invasive prostate cell lines completely lost PDEF expression.
Re-expression of PDEF inhibits cell growth and down-regulates endogenous survivin
PDEF-negative prostate cell line (PC-3) was transfected with PDEF using pcDNA3.1 PDEF construct or mock control pcDNA3.1 vector (2 and 4 μg vectors). Proliferation of these tumor lines was then determined by MTT assay. As shown in (Fig. 4A ) re-expression of PDEF, when using 4 μg vector for transient transfection, resulted in a significant inhibition of PC-3 cell proliferation after 48 hr when compared to mock PC-3 cells (p = 0.000033). Similar observation was made when MDA-MB231 [6] and P11 (2008) ovarian cancer cell line [9] were transfected with the PDEF construct. In addition, RT-PCR analysis revealed higher expression of PDEF and loss of survivin expression (Fig. 4B ) leading to apoptosis of PDEF positive cells (Fig. 4C , p = 0.0094). Cotransfection of survivin promoter along with PDEF significantly decreased survivin promoter-driven luciferase activity (Fig. 4D, p = 
0.000013).
PDEF expression in prostate cancer is associated with prolonged survival
Of 73 prostate cancer patients, 20 patients showed loss of PDEF expression in their tumors ( Table 2 ). The overall survival estimation of prostate cancer patients by PDEF expression is shown in Fig. 5 . Eight year survival was 94% in patients with PDEF expression but it was 40% in patients with PDEF negative tumors (Table 2, pFig. 6). The survival difference was highly significant (< 0.0001).
Re-activation of PDEF after treatment with MSeA
It has been shown that MSeA induces tumor cell apoptosis [14-19-20] , increases PDEF expression and down-regulates survivin expression in ovarian cancer cells [9] . To determine whether MSeA treatments produces similar results in prostate cancer cells, human PDEFnegative prostate cancer cells (PC-3) were cultured in the presence or absence of MSeA for 72 hrs. MSeA treatment decreased cell proliferation ( Fig. 7A; P=0 .00018), changed cell morphology (Fig. 7B) , induced expression of PDEF and down regulated expression of survivin ( Fig. 7C and 7D p≤ 0.0019) . Changes in cell morphology were evident by changes in cell projections and reduced cell-to-cell adhesion which was not associated with cell migration or invasiveness because presence of MSeA induced apoptosis in tumor cells, as determined by DNA fragmentation assay using cell death detection ELISA assay kit (Roche, Indianapolis, IN). These data suggest that MSeA causes apoptosis through up regulation of PDEF expression that reduces survivin expression.
Discussion
While expression of PDEF and survivin in human tumors has been studied for many years, the prognostic significance of their differential expression in prostate cancer progression has not yet been elucidated [4] . The Ets family transcription factors function as transcriptional activators or repressors by binding to the "GGAA/T" DNA motif of target genes which play important roles in development, angiogenesis, cell proliferation, differentiation, apoptosis, transformation and tumor invasion [26] . There is a general consensus in the literature on the critical role of PDEF in human carcinomas, however; controversy exists regarding the role of PDEF in tumorigenesis [4-10-25] . While one group reported positive expression of PDEF in 27% of benign prostate tumors and 40% of prostate adenocarcinoma [10] , another group reported that PDEF was lost in high grade prostate cancers, and decreased PDEF expression was associated with increased MMP9 expression [5] . In addition, reduction in PDEF expression increased the expression of mesenchymal genes such as vimentin and Ncadherin, and enhanced invasiveness of prostate cancer cells [4] . These studies identified PDEF as a new transcription factor that directly regulates p21/CIP1 expression under nonstressed conditions. Our findings are consistent with the latter, showing that reduced expression of PDEF along with increased expression of survivin is correlated with tumorigenesis and poor prognosis [22] [23] . The highest levels of PDEF mRNA and protein were detected in benign prostate tissues and LNCaP. However, PDEF mRNA and protein levels were down regulated in prostate tumors with low and moderate GS and completely lost in tumors with high GS lesions or in PC-3 and DU145 ( Fig. 1 and Fig. 2 ). Decreases in % and intensity of PDEF expression were associated with increase in GS confirming aggressiveness of the disease.
Consistent with pervious report [5-6-9] , we found that re-expression of PDEF in PC-3 inhibited cell growth and inhibited survivin expression. Although there is no Ets binding sites (EBS) in the core promoter region of survivin, inspection of the 2.8 kb DNA promoter region of survivin revealed 28 EBS with a perfect match to the core motif recognized by Ets transcription factors (unpublished observation). Thus, PDEF as a transcription factor may bind to these sites and inhibit survivin expression. This conclusion was supported further since MSeA-induced apoptosis of prostate tumors and this effect was mediated through the induction of PDEF expression and subsequent down-regulation of survivin. These findings suggest that PDEF and survivin expression are related to tumor cell survival and aggressiveness and are consistent with previous reports that showed a reverse correlation between PDEF and survivin expression in human breast cancer [6] and ovarian cancer [9] . Most importantly, disease outcome studies in 73 prostate cancer patients, who underwent radical prostatectomy for clinically localized disease and had variable levels of PDEF expression in their cancer specimens, revealed that expression of PDEF was associated with longer survival.
In summary, these results suggest that enhanced expression of PDEF and reduced expression of survivin in patients with prostate cancer may predict favorable prognosis. Representative data are presented from triplicate experiment. GAPDH or actin expression was determined as internal controls. Panels 1C and 1D represent results of triplicate experiments of PDEF and survivin expression in multiple prostate cancer cells using onestep RT-PCR and western blot analyses, respectively. Estimation of the overall survival distribution and the survival distribution of each PDEF group was done using the Kaplan-Meier method. Kaplan-Meier survival curves for prostate cancer patients with PDEF-positive vs. PDEFnegative tumors are shown. The dotted line represents survival probability for the 53 patients with PDEF-positive tumors and the solid line shows the survival probability for the 20 patients with PDEF-negative tumors. The difference in the survival probability for the two patients groups is highly statistically significant with a P value less than 0.0001. Table 1 Distribution of intensity of PDEF staining in Gleason Score. Table 2 PDEF expression in prostate tumors correlated with better prognosis for prostate cancer patients. 
